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Purpose: Intrinsic and acquired resistance of tumor cells to 
therapy originates from multiple avenues. One avenue 
includes extracellular matrix (ECM) and proteins that 
facilitate cell interaction with ECM. These focal adhesion 
(FA) proteins coalesce at specific membrane sites as large 
multiprotein complexes functioning as signaling hubs and 
structural nexus. Molecular targeting of various FA proteins 
has shown promising preclinical data. Even more interesting 
are rather recent findings about activation of prosurvival 
bypass signaling under specific inhibition of integrins and 
their dependence on ECM stiffness. 
Materials/methods: Different tumor models were 
investigated such as head and neck, pancreatic ductal 
carcinoma, glioblastoma. We performed a systematic 
targeting of FA proteins using siRNA or antibodies where 
applicable. In-vitro and in-vivo survival assays and a variety 
of mechanistic studies were conducted. 
Results: To date, integrins turned out as most promising 
druggable candidates. Most interesting, molecular targeting 
generally showed to prominently induce unfavorable 
prosurvival signaling. Multitargeting strategies were 
successful to abrogate this bypass signaling and optimize 
radiochemosensitization. 
Conclusions: Integrins and other FA proteins are promising 
cancer targets. Identification of underlying mechanisms is 
still the needle eye. From our data, multitargeting 
approaches on top of conventional radiochemotherapy look 
beneficial as specific tumor cell functions can be inhibited. 
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Purpose: In-Beam PET is a well-established method for dose 
monitoring in hadrontherapy, but its effectiveness is still 
limited by the accelerator duty cycle [1]. CABOTO [2, 3], 
CArbon BOoster for Therapy in Oncology, is an innovative 
development project of an efficient high-frequency linac for 
hadrontherapy that can accelerate 12C ions and H2 molecules 
up to 430 MeV/u, bunched in pulses of the order of 2-5 µs 
with a repetition rate of 360 Hz. 
Thanks to its low duty cycle (less than 0.1%), CABOTO allows 
the γ-pair acquisition with PET during 99.9% of the treatment 
time. The main goal of this research is to describe how the 
CABOTO time-structure influences the in-beam PET images, 
reconstructed by acquiring the γ-coincidences during the 
irradiation time as well as in a period following it. 
Methods and Materials: The study has been carried out 
performing several simulations with the FLUKA Monte Carlo 
code [4, 5] together with MATLAB routines written to take 
into account analytically the CABOTO time structure. 
In a first set of simulations, the β+ emitter isotopes, 
produced by the interaction of a pencil beam (protons and 
12C-ions) with a water phantom, are identified. Due to the 
special time structure, the PET detector is sensitive also to 
γ-pair produced in the β+-decays of isotopes having half-lives 
(T1/2) in the ms range; the most relevant ones are 13O 
(T1/2=8.6 ms), 12N (T1/2=11 ms), 9C (T1/2=126.5 ms), 8B 
(T1/2=770 ms). Considering the CABOTO time structure and 
the acquisition time window as defined before, the β+ 
activity versus time has been extrapolated for all β+ emitters. 
A second set of simulations including a PET detector has been 
carried out, using a modified version of the routines 
originally developed in Fluka for conventional PET [6]. Arrival 
times of gamma pair coincidences on the PET detector have 
been scored and analysed in order to verify their 
correspondence to the beam irradiation profile. The history 
of each coincidence has been traced in order to identify the 
parent isotope, which helps to discriminate and evaluate the 
true signal versus the background noise. Based on this 
information, the PET images could be reconstructed from the 
true coincidences from both the online and offline signal, and 
quantify the differences. 
Results & Conclusions: This work describes the results 
obtained in the study of the influence of CABOTO time 
structure on the PET scanner reconstruction. The β+ activity 
collected during the irradiation with a single pencil beam has 
been computed together with the estimated background 
during the irradiation. The effect of the very short half-life 
β+ emitters, which produce positrons of longer ranges, has 
been studied. Preliminary results obtained in a simulation on 
a real patient case, with all the beam spots delivered with 
the correct time structure, are also presented. 
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